Introduction: We examined 3-month service use and costs of care for people with mild-to-moderate dementia in Great Britain. Methods: We analyzed Improving the experience of Dementia and Enhancing Active Life cohort study baseline data on paid care, out-of-pocket expenditure, and unpaid care from participants with dementia (N 5 1547) and their carers (N 5 1283). In regression analyses, we estimated pergroup mean costs of diagnostic and sociodemographic subgroups. Results: Use of services apart from primary and outpatient hospital care was low. Unpaid care accounted for three-quarters of total costs (mean, £4008 [standard error, £130] per participant). Most participants (87%) received unpaid care equating to 36 hours weekly. Estimated costs for people with Parkinson's dementia were £8609, £4359 for participants with mixed dementia, and £3484 for those with Alzheimer's disease. Total costs were lower for participants with dementia living alone than living with others (£2484 vs. £4360); costs were lower for female than for male participants (£3607 vs. £4272). Discussion: Costs varied by dementia subtype, carer status, and living arrangement. Policy makers should recognize the high costs of unpaid care for people with dementia, who do not always get the support that they need or would like to receive.
Introduction
In the United Kingdom, 850,000 people live with dementia; in parallel with global trends, this number looks set to double in the next 20 years [1, 2] . The symptoms of dementia can affect individuals' personal and social circumstances, creating challenges to living well [3] . Supporting people with dementia brings its own challenges, and unpaid carers may require support to maintain social roles and resources [4] . Individuals living with the condition may need to make demands on the time and resources of unpaid carers and on services provided by health and social care. Projected growth in the number of people living with dementia will have major cost consequences worldwide [1] . Although costs of dementia care to society are high, the burden of care falls disproportionately on unpaid carers [5] [6] [7] [8] . Previous UK person-level studies of care for people with dementia [9] [10] [11] [12] [13] [14] [15] have used relatively small samples, covered limited geographical areas, or focused on unconfirmed diagnoses or diagnosis of a single dementia type. This limits the information available to decision makers planning how to meet the needs of people living with dementia and their families [16, 17] .
This study aims to contribute new evidence on use and associated costs of health, social and unpaid care for people with mild-to-moderate dementia, drawing on baseline data from a large British cohort. We explore associations between diagnostic and sociodemographic characteristics of people with dementia and costs of care.
Methods

Design and sample
We used baseline data from the Improving the experience of Dementia and Enhancing Active Life (IDEAL) program [18, 19] (data set version 2.0), following yearly for up to 6 years a cohort of people with mild-to-moderate dementia from baseline (hereafter participants) and, where available, a primary carer (relative/friend providing unpaid support to the participant; hereafter carers) [18] . The first phase of IDEAL, covering the first three time points, was approved by Wales Research Ethics Committee 5 (13/WA/0405) and the Ethics Committee of the School of Psychology, Bangor University (reference 2014-11684) and is registered with the UK Clinical Research Network (16593).
Participants were recruited from National Health Service (NHS) clinics and Join Dementia Research [20] (NHSfunded portal supporting dementia research) in 29 sites across England, Scotland, and Wales. Any communitydwelling person with a clinical dementia diagnosis and Mini-Mental State Examination (MMSE) score .14 was eligible for inclusion [18] . Baseline questionnaires were administered by trained researchers (July 2014-August 2016) using face-to-face interviews with participants. One section, on paid and unpaid care, was administered to both the participant and carer, if the latter was available. Carers self-completed separate questionnaires.
Sample size was powered on planned structural equation model analyses of measures of capability of living well and was large enough to permit subgroup analyses for age, sex, dementia subtype, whether people lived alone, living situation, and relationship with carer [18] . The baseline sample comprised 1547 participants and 1283 carers. Most participants with dementia were recruited from England (90%), with 5% each from Scotland and Wales.
Measures
Questionnaire measures and costing methods are summarized herewith (details in Supplementary Material 1).
Use of paid and unpaid care
Information on health and social care services, medications, assistive equipment, unpaid care, and costs to carers of missing work was collected using an adapted Client Service Receipt Inventory [21] . Questions on health and social care services and unpaid care were asked of participant and carer, or only the participant where no carer was involved in the study. Carer questionnaires asked about working time given up to provide care (lost working time).
Sociodemographic characteristics
We examined associations of baseline costs with sociodemographic characteristics and dementia subtype. We do not focus on dementia-related needs here (activities of daily living, cognition, behavior, and comorbidities), as these were measured at baseline and therefore up to 3 months after costs were incurred (explored elsewhere in IDEAL study [22] [23] [24] [25] ). Participant characteristics examined were age groups, sex, dementia subtype, education, National Statistics Socio-economic Classification 5 variable version [26] , quintiles of gross annual income (participant and spouse/partner), household tenure, living alone/with others, and participating carer status (none, spousal [spouse/partner], or nonspousal [friend/other family]). Separate regressions examined associations of lost working time costs with carer characteristics: age groups, sex, carer status, socioeconomic status, and education.
Costing methods
Community health and social care contacts and assistive equipment were weighted by nationally applicable unit costs [27] . Base year for prices was 2014/15. For hospital costs, we applied NHS Reference Costs figures [28] . Mental health medication costs were taken from NHS prescription costs analysis [29] . Hours of unpaid care provided by relatives/friends during the previous 3 months were valued at opportunity cost, applying the minimum wage (in England) [30, 31] . Costs of carers' and other relatives/ friends' lost working time during the previous 3 months were calculated using Annual Survey of Hours and Earnings data [32] . Paid and unpaid care and out-of-pocket costs were estimated from participant questionnaires. Individual cost items were summed to give category subtotals (Table 1) , in turn summed to give overall paid and unpaid care cost totals. Costs of lost working time were calculated and reported separately.
Missing data and data imputation
Missing data and imputation models are described in Supplementary Material 1. Proportions of cases missing service use data ran at 4% to 5%; 9% of cases were missing data on care provided by carers; 6% to 8% of cases were missing carer questionnaire data on lost earnings. Imputation by chained equations was carried out in Stata 15 (StataCorp LP, College Station, TX) [33, 34] . Equations for imputing variables from participant questionnaires included use, costs, and characteristics to be used in regression analyses. Equations for imputing carers' questionnaire variables included carer socioeconomic status, lost earnings, and employment.
Analyses
Differences in costs for sociodemographic and diagnostic subgroups were examined through multivariate regressions. Generalized linear models [35] were fitted to cost subcategories and total costs, assuming gamma distribution and log-link function to accommodate anticipated skew in cost data distribution. Two-part models were fitted to cost data with substantial numbers of zeros using the user-written Stata command ,,twopm.. [36] . In the first part, logit models were applied to a binary indicator for nonzero costs (henceforth, models of receipt); in the second, generalized linear models were applied to positive costs. The same vector of covariates was used in each part. For factor variables with more than two levels, we tested joint significance of all levels by following a previously described procedure [37] implemented in Stata's multiple imputation suite of commands [33] to obtain a P value across regression estimates from multiply imputed data sets. A 5% significance level was applied to tests of model coefficients. We estimated average marginal effects (henceforth, estimated means), for each level of each factor at observed values of each case. Differences in costs between subgroups were judged significant if 95% confidence intervals (95% CIs) of subgroup estimated means did not overlap. Results of analyses conducted on each complete data set generated by imputation were combined using Rubin's rules [38] .
Results
Sample
More than half of the participants were aged older than 74 years, whereas 9% were aged younger than 65 years ( Table 2 ). Mean age was 76.4 (standard deviation, 8.6). There were more men (56%) than women. More than half of the participants (55%) had Alzheimer's disease. A fifth lived alone. Two-thirds (67%) had a spousal carer; 17% had no participating carer. Of participants living with others, 10% did not have a participating carer. Participants with no carer had mean baseline MMSE 1.07 points higher than those with carers (24.12; 95% CI, 23.74-24.50 vs. 23.05; 95% CI, 22.83-23.25; t 5 4.34; P , .001, N 5 1474). Carers were younger than participants (mean age, 69.1 years; standard deviation, 11.1); 69% were females. On National Statistics Socio-economic Classification 5, 43% of carers (and 41% of participants) were in the top category. About 53% of carers aged younger than 65 years were in paid employment, whereas this proportion dropped to 12% in the 65 to 69 age band and less than 3% in the 701 age bands. Most nonspousal carers (83%) were the adult children of participants.
Use and costs of individual resource items
Paid care services, medications, assistive equipment, and adaptations
During the prior 3 months, 65% of participants saw a general practitioner, 48% a practice nurse, and 16% a community mental health nurse or psychiatrist (Table 3) . Other health professionals (e.g., specialist nurses, psychologists) were seen by 10% or fewer. Just more than half had hospital outpatient or day-case treatment; 14% visited an accident and emergency department. Only 6% had an inpatient admission, staying a week on average. Seventy-one percent had taken dementia medications; 23% had taken other central nervous system medications.
Use of home-based social care was generally low. More participants reported using services of a cleaner (24%) than a home carer (11%). Overall day center attendance was modest (12%), but day center users averaged 18 attendances during 3 months or 2.6 times weekly; day center costs constituted the largest element of social care costs (£133, standard error [SE], £12). Of home care users, 53% reported that they or their families paid all, and 13% paid some, of the costs. All paid the full costs of cleaners. Two-thirds reported using equipment and adaptations (Supplementary Material 2, Table S2 .1): most commonly mobility aids but also pendant alarms (13%) and calendar clocks (12%).
Unpaid care and lost working time
Most participants (87%) received weekly help from friends/relatives, averaging 470 (SE, 18.2) hours during 3 months (i.e., 36 hours per week). Thirty percent (N 5 456) of friends/relatives assisted participants with personal care; 44% (N 5 678) made sure participants were safe; 68% (N 5 1048) helped with finances; 70% (N 5 1078) with Abbreviations: SE, standard error; GP, general practitioner; ED, emergency department; CNS, central nervous system. * The number of cases with use of each item varied over the 34 complete data sets produced by the multiple imputation process, as indicated by the columns for minimum and maximum observations. Percentage (%) reflects the estimated mean proportion of the sample across the combined 34 data sets. practical matters; and 74% (N 5 1140) with escorting to appointments. Only 1% of carers completing carers' questionnaires had given up work (past 3 months), and 6% had cut down work; 7% of other friends/relatives completing participant questionnaires cut down on work.
Subtotal and total costs
Mean 3-month cost of health and social care was £1004 (SE, £48) ( Table 1) . Hospital care (accident and emergency department, inpatient, and outpatient) contributed most to this total, followed by community social services (home care and residential respite care). Unpaid care costs were far higher than paid care costs (£2928; SE, £114). Total costs (paid, unpaid, out-of-pocket costs) were £4008 (SE, £130).
Almost all participants (99%) incurred some costs during 3 months (Supplementary Material 2, Fig. S2.1) . A third had some community social care costs. Subtotal and total costs of paid and unpaid care were summarized by sociodemographic and diagnostic subgroups (Supplementary Material 2, Tables S2.2-S2.3). Mean total costs for participants with Parkinson's dementia (Fig. 1) were substantially greater than costs for participants with other dementias. Examining carer data on lost working time (Supplementary Material 2, Table  S2 .4), costs of carers aged younger than 65 years were more than six times higher than those aged older than 74 years, as might be expected.
Model results
Relationships between paid and unpaid care and socioeconomic and diagnostic factors were explored in two-part models (Supplementary Material 2, Tables S2.5a, S2.5b, S2.6). Estimated mean costs are presented in Tables 4 and 5 .
Receipt and costs of paid care
In first-part models (Tables S2.5a , S2.5b), diagnostic subtype was associated with receipt of most service categories except mental health services. Age was associated with receipt of mental health and social care services. Relationship to carer, living alone, socio-economic classification, and income were also related to receiving social care, people living alone being nearly twice as likely as those living with others to use social care. Second-part models indicated that diagnostic subtype was associated with primary and community care, mental health care, hospital care, and medication costs.
Examining marginal effects of diagnostic subtypes ( Table 3) , costs of primary and community health care, social care, and medication were highest for those with Parkinson's dementia compared with other dementias. Mental health costs were higher in younger than 65 years age group than in other age groups. Social care costs of participants with nonspousal carers (£317) were 2.7 times higher than of those with spousal carers (£117). Social care costs of participants aged 801 were higher than those of participants in other age bands. Total paid care costs were highest in those with Parkinson's dementia (£2001): 2.3 times those of participants with Alzheimer's disease (£852) and 2.2 times those of participants with vascular dementia (£890). Costs of participants with nonspousal carers (£1320) were 27% higher than costs of those with spousal carers (£958); and 47% higher than costs of participants with no carer (£895).
Unpaid care
First-part models (Table S2 .6) indicated that people with nonspousal carers were three times more likely to have unpaid care than people with spousal carers. People without a participating carer were half as likely as people with spousal carers to have unpaid care. People living alone were 77% less likely to have unpaid care than those living with others.
In the second-part unpaid care models, no characteristics showed significant associations with costs. Estimated mean costs of unpaid care (Table 4 ) for participants with no participating carer were £1461: 60% less than costs of participants with nonspousal carers (£3645) and half the costs of participants with spousal carers (£3052). The estimated mean cost of unpaid care for participants living alone was less than a third of the cost of care for participants living with others. In a model of carers' lost working time (Table S2. 7) , the likelihood of carers aged 651 having lost working time was significantly lower than that of carers younger than 65 years (Table S2 .7), unsurprisingly given carers' age and employment profiles. The estimated cost (Table S2 .8) of lost working time was £387 (95% CI, 205-569) for carers younger than 65 years, far higher than for older carers.
Total costs
Participant sex and diagnosis and carer status were significantly associated with total paid, unpaid, and out-of-pocket costs (Table S2 .6). Costs of female participants were 16% lower than those of males. The costs of Parkinson's dementia were nearly 2.5 times the costs of Alzheimer's disease and one quarter more than those of participants with mixed dementia. Relative to costs of people with spousal carers, costs for participants without carers were 40% lower and costs for participants with nonspousal carers were 22% higher. Costs of participants living alone were 44% lower than of those living with others.
Marginal effects estimates of total costs (Table 5) for women were lower than for men (£3607 vs. £4272). Estimated costs for people with Parkinson's dementia were £8609, £4359 for participants with mixed dementia, and £3484 for those with Alzheimer's disease. Estimates for participants without participating carers were £2467, less than half of those of participants with nonspousal carers (£5037) and 60% less than those for participants with spousal carers (£4120). Estimated costs for participants with dementia living alone (£2484) were £1876 less than for participants living with others (£4360).
Discussion
In this large-scale British cohort of people with dementia and their carers, we examined receipt and costs of health and social care services and unpaid care. Most participants visited a general practitioner (65%), and half attended outpatient appointments; use of other individual health and care services was low. Dementia subtype was associated with receipt and costs across sectors. In particular, Parkinson's disease dementia was associated with higher probability of paid care receipt and higher paid care costs. Living alone was positively associated with receipt of social care and negatively associated with receipt of unpaid carer time, receipt and costs of friends/relatives' lost working time, and total costs. Carer status was associated with receipt of several categories of paid and unpaid care, but direction of association varied among spousal, nonspousal, and no-carer groups. Total costs for women, adjusting for diagnosis, socioeconomic characteristics, and carer status, were lower than for men. This trend was also seen in unpaid care costs but not total paid care costs. Similarly, Del Bono et al. [39] found that older women supply more care hours than older men, suggesting that gender-related differences in providing care might act as a driver. The proportion of women was much larger in the sample of carers than in the sample of people with dementia. Given that more men than women participants were recruited and that there were many spousal carers, it is unsurprising that more than two-thirds of carers were females, and this preponderance may have boosted overall unpaid care cost estimates. Numerous studies have reported similar proportions of female carers of people with dementia [8, 40] .
Relatively little individual-level information has been collected previously on care use and costs of people with dementia in Britain. Jones et al. [9] estimated 3-month costs of health and social care of people with dementia as £1159 (2014/15 prices). Comparisons are not straightforward as that study's sample (N 5 249) was smaller than ours and recruited people with lower MMSE scores , who could be in residential care. In a study comparing service use in two small dementia samples in 2001 (N 5 122) and 2010 (N 5 84) [11] , 53% saw a practice nurse, comparable to that found here. However, reported proportions in contact with other services were much higher than for the IDEAL cohort: 26% saw a district nurse, 31% a home care worker, and 54% a social worker. Gustavsson et al. [10] examined costs of people with Alzheimer's dementia, finding total monthly costs of care in the UK sample (2014/15 prices, uprated from 2007) to be £951 (mild dementia; N 5 86) and £1361 (moderate dementia; N 5 81). These figures appear comparable to those for the baseline IDEAL sample (mildto-moderate dementia).
In line with other evidence [1, 2, 6, 41] , we found that unpaid care costs of dementia were much higher than paid service costs, accounting for three-quarters of the total. Recent Table 5 Marginal means (95% CIs) (£) from two-part models of out-of-pocket, unpaid care time, and lost work time costs and GLM of total costs of paid and unpaid care cost-of-illness calculations [42] estimated that 42% of total costs of all individuals with dementia in England fell to unpaid care; another 25% were social care costs borne by individuals themselves. A recent systematic review [6] reported the share of total costs of dementia attributable to unpaid care as between 60% and 70%. Our estimate is for community-dwelling individuals and is higher than in some studies: in the study by Gustavsson et al. [10] , the share of total costs attributable to unpaid care was 64% (mild dementia) and 57% (moderate dementia). Differences between these and our estimates may reflect different methods for calculating unpaid care costs, different sample bases, and shrinkage of paid care available between 2007 and 2014, leaving unpaid carers to fill the gap [14] . Although we valued unpaid care time at minimum wage, the proportion of total costs accounted for by unpaid care would have been even higher had we used a valuation such as national average wage or (taking a replacement cost approach) costs to social care providers of paying home carers for the time. We did not find that unpaid care costs were associated with socioeconomic status, contrary to previous findings [43] . In terms of dementia subtypes and variations in cost, and contrary to the study by Costa et al. [44] , we found unpaid care costs higher for Parkinson's-type dementia than for Alzheimer's disease participants.
Our study benefited from a large sample, drawn from across Great Britain, with sufficient numbers of people with less common dementia subtypes to allow comparisons. Limitations include reliance on self-report data with attendant difficulties of reporting biases such as forward and backward telescoping [45] [46] [47] , particularly in a sample with cognitive impairment (albeit mild to moderate) and for participants with no participating carer. Self-reported carer costs were estimated from bands of carer time; there are more detailed methods of tracking carer time (e.g., time diaries), but they impose heavier respondent burdens. To avoid additional carer effort, information was not collected on their own use of health or social care services. Data were limited to snapshots of retrospective service use during 3 months to minimize inaccuracy of recall [45, 47] ; analyses based on linked health records over longer retrospective periods are planned.
Compared to having a spousal carer, having a nonspousal carer was associated with a greater likelihood of someone with dementia receiving unpaid care; and the absence of a carer was associated with lower likelihood of receiving unpaid care. These differences could be due in part to differences in cognitive functioning. Although the baseline MMSE scores we observed were not contemporaneous with the period over which costs were reported, nonetheless it is possible that having no carer was associated with higher levels of cognitive functioning and consequently less need for care. Likewise the high prevalence of comorbidity (three-quarters had at least one comorbid condition [22] ) may be associated with higher use of services and unpaid care. This could not be investigated with only baseline data because of potential simultaneity of comorbidity incidence and costs but will be examined with data from multiple cohort sweeps. Most nonspousal carers were adult children, who might be more likely to report providing care than spousal carers. Lack of clarity about the person to whom participants with no participating carer were referring when answering unpaid care questions may have resulted in lower reporting of care by this group (Supplementary Material 1) . We subsequently revised the unpaid care questions in later data collections to clarify roles played by participating and other unpaid carers.
Conclusions
Estimates of paid and unpaid care costs of IDEAL participants varied by dementia subtype, carer status, and living arrangement. Hospital services accounted for the largest part of paid care costs; unpaid care accounted for threequarters of total costs. Dementia can increase use of paid and unpaid care for older people with other health conditions [14] , and carers do not always get the support they need or would like [48] : the condition requires particular attention from policy makers in funding and planning support for people with dementia, families, and friends. Unpaid carers shoulder most of the costs of supporting people with mildto-moderate dementia: policy makers should give further consideration to improving financial and instrumental support for carers. article; all authors contributed to the critical revision of the article and approved the final version to be published.
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RESEARCH IN CONTEXT
1. Systematic review: We sought person-level studies examining use and costs of paid and unpaid care for people with dementia living in countries of the United Kingdom. Identified studies had one or more limitations: limited geographical coverage, small samples, samples with a single dementia subtype, or unconfirmed dementia diagnoses.
Interpretation:
In our cross-sectional study, unpaid care accounted for three-quarters of participants' 3month total care costs. Parkinson's-type dementia was associated with higher costs than other dementias. Costs for participants with no carer were lower than costs of those with a spousal carer. Unpaid care costs were lower in female than male participants with dementia. The role of unpaid carers is a key driver of care costs; carer gender may influence the supply and costs of care.
Future directions:
We will test associations between costs and dementia subtype, sex, and carer type alongside indicators of need in planned longitudinal analyses.
